
1 
 

Cigarette smoking represses expression of cytokine IL-12 and its regulator miR-21 - an  

observational study in patients with coronary artery disease 

 

Opstad TB, MSc, PhD
1,2,3

, Brusletto BS, MSc 
4 

,
  
Arnesen H, MD, Prof 

1,2,3
, Pettersen AÅ MD, 

PhD 
1,2

,  Seljeflot I, PhD, Prof.
1,2,3 

 

1 
Center for Clinical Heart Research, Department of Cardiology, Oslo University Hospital, 

Ullevål, Norway 

2 
Center for Heart Failure Research, Oslo University Hospital, Norway 

3 
Faculty of Medicine, University of Oslo, Norway 

4 
Department of Medical Biochemistry, Oslo University Hospital, Ullevål, Norway, 

 

 

 

 

Corresponding author: 

Trine Baur Opstad 

Center for Clinical Heart Research,  

Department of Cardiology 

Oslo University Hospital Ullevål, 

Pb 4950 Nydalen 

N-0424 Oslo, Norway 

E-mail: trineoa@medisin.uio.no 

Phone: +47 22119237 

Fax: +47 22119181 

 

 

mailto:trineoa@medisin.uio.no


2 
 

ABSTRACT 

Rationale 

The heterodimer IL-12 is an inducer of Th1 responses and stimulates INFƴ production. Micro-

RNA-21 (miR-21) is described as a key regulator of the pro-inflammatory response and has IL-

12p35 mRNA as one of its main targets. The IL-12p40 1188A/C genetic variant located in 

3’untranslated region (UTR), thus environmentally exposed, has further been reported to modify 

IL-12 levels. We have previously reported on the lowering effect of cigarette smoke on 

circulating IL-12 in patients with coronary artery disease (CAD). 

Objectives 

To explore if cigarette smoking affects IL-12p35, IL-12p40, INFƴ and miR-21 gene-expression 

and further modulates any effect of the IL-12p40 polymorphism on circulating IL-12 levels. 

Methods and Results 

The IL-12p40 1188A/C polymorphism was analyzed in 1001 stable CAD patients, of which 330 

subjects were included for IL-12p35, IL-12p40 and INFƴ gene-expression analyses in circulating 

leukocytes and 200 were further selected for plasma miR-21 analysis.  

Smoking associated with lower expression of miR-21 and its target IL-12p35 mRNA (adjusted 

p<0.05, both) whereas the influence on INFƴ expression tended to be high-dose reliant (p=0.057). 

The IL-12p40 CC genotype associated with elevated circulating IL-12 levels, however, when 

stratified according to smoking, only in the non-smoking group (adjusted p<0.05).  

Although the markers were mainly downregulated in current smokers, their inter-correlations 

were potentiated.  

Conclusion 

Smoking associated with reduced miR-21 gene-repression and the results can therefore not 

explain the previously observed reduction in circulating IL-12. Smoking attenuated the IL-12 

pro-inflammatory axis in which the investigated IL-12p40 genetic variant may have different 

clinical impact in smokers vs non-smokers. 
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Non-standard Abbreviations and Acronyms: 

 

ath-159a Arabidopsis thaliana-159a  

ASCET Aspirin non-responsiveness and Clopidogrel Endpoint Trial  

CSE  cigarette smoke extract 

Ct  cycle threshold 

EDTA  ethylenediaminetetraacetic acid    

HWE  Hardy-Weinberg equilibrium    

let-7  Caenorhabditis elegans-7 

miR  micro-RNA 

PCR  polymerase chain reaction      

PDCD4 Programmed Cell Death 4  

snRNA small nuclear RNA     

RNU  small nucleolar RNA 

RQ  relative quantification  

Th  T-helper cell    

UTR  untranslated region  
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INTRODUCTION 

 

The pro-inflammatory cytokine interleukin (IL)-12 is critical in the initiation and 

progression of the Th-1 response, characterized by production of interferon gamma (INFƴ) by 

different T-cells and natural killer cells 
1
. IL-12 secretion occurs early in the immune response 

and seems to play a key role in the regulation of innate and adaptive immunity and to mediate 

anti-tumor activity 
1;2

. The heterodimer IL-12p70 (70 kilo Daltons (kDa)), henceforth referred to 

as IL-12, is composed of two disulfide-linked polypeptide chains, IL-12p35 (35 kDa) and IL-

12p40 (40 kDa), synthesized from two differently located genes, which are transcriptionally and 

independently regulated 
3
. IL-12 is mainly produced by B-cells, monocytes, macrophages and 

dendritic cells (DCs) and the release of bioactive IL-12 is thought to require that both subunits 

are expressed and further dimerized within the same cell 
4
.  

We have previously reported on the substantial lowering effect of cigarette smoking on 

circulating IL-12 levels in patients with coronary artery disease (CAD) 
5
. Similar effects have 

been observed in bronchoalveolar lavage and  gingival crevicular fluid of current smokers 
6;7

  In 

vitro studies have reported decreased IL-12p40 mRNA levels in macrophages exposed to 

cigarette smoke extract (CSE), probably mediated by enhanced levels of the p40 transcriptional 

repressor c-fos 
8
. Independent of cell-type or species origin, exposure of CSE has further been 

described in in vitro studies to modify INFƴ expression and to impair INFƴ signaling, although 

contradictory reported 
9-12

.  

 MicroRNAs (miRNAs) are naturally occurring short non-coding RNA molecules that 

regulate the expression of target genes post-transcriptionally, by messenger RNA (mRNA) 

degradation and/or translational inhibition. MiRNAs can be released by cells into the circulation 

in association with micro-particles, exosomes, or specific proteins, thus serving as potential 

biomarkers. MiRNA-21 (MiR-21) is the most abundantly expressed small non-coding RNA in 

multiple mammalian cells, including hematopoietic cells of the immune system, like B- and T-

cells, monocytes, macrophages and DCs. It is upregulated in many disease states as cardiac 

injury, multiple neoplasms and inflamed tissue 
13

. Targets of miR-21 are mainly tumor 

suppressor genes, including the IL-12p35 gene, in which a functional, conserved miR-21 binding 

site in the 3’untranslated region (UTR) has been described 
14

. Repression of IL-12p35 expression 

by miR-21 could therefore lead to less production of IL-12. MiR-21 has further been defined as 
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the major regulator of Th1 versus Th2 responses, thus influencing the IL-12/INFƴ pro-

inflammatory pathway 
15

. 

 Genetic variability of the IL-12 genes may also influence the extent of IL-12 production. 

Many studies have focused on the polymorphic site at position 1188 in the 3’ UTR of the IL-

12p40 gene, which was reported to increase in vitro IL-12 secretion rather than to increase levels 

of the single IL-12p40 subunit 
16

. The 1188 C-allele, also associated with decreased IL-12p40 

serum levels 
17

, has been reported to increase the overall risk of cancers 
18

 and was further 

associated with increased risk of bladder cancer in cigarette smokers 
19

 indicating a IL-12p40 

gene-environment interaction. 

 According to our previous findings of low IL-12 levels in smokers, we aimed in the 

present study to investigate the influence of cigarette smoke on markers involved in the IL-

12/INFƴ pro-inflammatory axis, including circulating miR-21 and IL-12p35, IL-12p40 and INF-

γ gene-expression in circulating leukocytes, in patients with stable CAD. The IL-12p40 1188 

A/C polymorphism was further analyzed according to IL-12 levels and smoking habits. We 

hypothesized an up-regulation of miR-21 and repression of the IL-12 and INFƴ genes in current 

smokers, with potential influence of the IL-12 p40 genetic variant. 

 

 

MATERIALS and METHODS 

 

Subjects 

The present investigation is a sub-study of the ASCET trial in Norway 
20

 
21

, which 

included 1001 patients with stable CAD (97% Caucasians, 78% men, 20 % current smokers, 

mean age 62 year ) in the time period from 2003-2008. Smoking habits were recorded in 4 

categories: 0; non-smokers, 1; quitted smoking > 3 months ago, 2; current smokers ≤ 10 

cigarettes per day, 3; current smokers > 10 cigarettes per day. The data analyses are mainly based 

on differences between non-smokers (0 and 1) and current smokers (2 and 3, n = 201 in the total 

cohort), if not otherwise stated. Genotyping of the IL-12p40 1188 A/C variant was performed in 

all patients, whereas 330 subjects (selected between the 450 first randomized patients) were 

included in the IL-12p35, IL-12p40 and INFƴ gene-expression analyses, of which 200 patients 

were selected for miR-21 analysis, to equalize numbers of smokers and non-smokers. 
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Ethics Statement 

The ASCET study was performed according to the Declaration of Helsinki and approved 

by The Regional Committee of Medical Research Ethics in South-Eastern Norway. All subjects 

gave their written informed consent to participate. The ASCET trial is registered at 

clinicaltrials.gov, with the identification number NCT00222261. 

 

Blood Sampling and standard biochemical analyses  

In fasting condition, between 8.00-10.00 a.m., blood samples were collected at entrance 

into the ASCET study. Routine analyses were performed by conventional methods. 

Ethylenediaminetetraacetic acid (EDTA) plasma was prepared by centrifugation within 30 

minutes, at 2500 x g at 4°C for 20 minutes for plasma miRNA isolation. EDTA blood and 

PAXGene tubes were collected for DNA and total RNA extraction, respectively. All material 

was kept frozen at -80°C until further processing and analysis.  

 

Isolation procedures 

Prior to the isolation of miRNAs, EDTA plasma was additionally processed with an extra 

centrifugation step at 16.000 x g for 4°C in 5 minutes. MiRNAs were subsequently isolated from the 

supernatant of 200 samples, 100 current smokers and 100 non-smokers matched by age and gender, by 

use of magnetic beads and the TaqMan miRNA ABC Purification kit, Panel A (Applied Biosystems by 

Life Technologies, Foster City, CA, USA). Prior to miRNA purification, all samples were spiked with 2 

μl of 1 nM Arabidopsis thaliana miR-159a (ath-miR159a) according to manufacturers’ protocol, to 

control for differences in recovery during the isolation procedure and further amplification efficiency. 

Briefly, 100 μl lysis buffer was added to 50 μl plasma and the miRNAs were hybridized to the magnetic 

beads and further eluted in 100 μl elution buffer and stored at -80°C until analysis. The Panel A of the 

purification kit isolates 377 specific miRNAs, including miR-21 and the selected reference genes. 

Total RNA was extracted from 330 samples, using PAXGene Blood RNA kit (PreAnalytix, Qiagen, 

Germany), with an extra cleaning step (RNeasy MinElute Cleanup Kit, Qiagen). Circulating leukocytes 

were hence the source for RNA. Briefly, RNA was extracted using ethanol and spin columns and eluted 

in 14 μl elution buffer and stored at -80°C until analysis.  

DNA was automatically isolated from 1001 EDTA whole-blood samples by the MagNA Pure LC DNA 

Isolation kit on the MagNA Pure LC instrument (Roche Diagnostics, Germany). In brief, DNA was 

isolated from 500 μl whole-blood by magnetic beads and eluted in 100 μl elution buffer and stored at -

80°C until analysis.  
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Concentration and purity of extracted RNA and DNA were assessed using NanoDrop 1000 

spectrophotometry (NanoDrop Technologies, DE, USA). 

 

Reference genes tested for normalization in the miR-21 analysis 

 

To test for suitable reference genes in the miR-21 analysis, 7 different miRNAs were validated in 

initial experiments in 12 smokers and 12 non-smokers collected from the same cohort: U6 small nuclear 

RNA (U6 snRNA), snRNA+small nucleolar RNA (RNU) 44, RNU 48, miR-425-5p, miR-16 -5p, 

Caenorhabditis elegans (let) -7a-5p and let-7g-5p (Assay ID: 001973, 001094, 001006, 001516, 000391, 

000377, 002282, respectively, Applied Biosystems), The tested miRNAs were chosen based on 

manufactures recommendations and reports from the literature 
22-26

 U6 snRNA, RNU 44 and RNU 48 

were not expressed in our test samples. Due to higher observed cycle threshold (Ct) mean for let-7a and 

let7g (34.2 and 33.3, respectively), as compared to miR-425 (32.7) and miR-16 (25.8), and less stable 

expressed miR-16 as compared to miR-425 (SD 1.14, correlation of variation (CV) 4.4%  vs. SD 0.96, 

CV 2.4%, respectively), mir-425 was chosen as the reference gene to normalize miR-21 expression. 

Additionally, for this validation experiment, no influence on expression by cigarette smoke was essential 

for the choice. 

 

IL-12 p40 genotyping 

Allelic discrimination of the polymorphism IL-12p40 3’UTR 1188 A/C (rs3212227, 

assay ID C-2084293_10) was performed on the VIIa 7 instrument with TaqMan Genotyping 

Master Mix Part. No. 4371357 (Applied Biosystems), and 1 μl of genomic DNA (1-20 ng) in a 

final reaction volume of 25 μl. Genotype calling was automatically applied in the assay, with 95% 

confidence. About 5% of the samples were reanalyzed, with 100 % concordance. 

 

Relative real-time PCR quantification of miRNAs and mRNAs 

Expression of all genes was measured on the VIIa 7 instrument using TaqMan Universal 

polymerase chain reaction (PCR) Master Mix, No AmpErase UNG and TaqMan assays (Applied 

Biosystems), as relative quantification (RQ) (2
-ΔΔCt

 method) 
27

. 

The spike-in ath-miR-159a in combination with miR-425 was used as endogenous controls for 

normalization of miR-21 expression. Reverse transcription and expression analysis of miR-21, 

miR-425 and ath-miR-159a was performed and analyzed using the TaqMan MicroRNA Reverse 

Transcription kit with the application of  5 μl miRNA, and the miR assays (IDs: 000397, 001516, 
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000338, respectively). The miR assays contain primers for each individual miR for the reverse 

transcription step and specific primers and probes for the PCR step.  

Total RNA (100 ng) was reversely transcribed into complementary DNA (cDNA) by use of 

qScript cDNA SuperMix, using oligo (dTs) and random primers (Quanta Biosciences, Inc., 

Gaithersburg, USA). Expression of the IL-12p35 (Hs01073447_m1), IL-12p40 

(Hs01011518_m1) and INFƴ (Hs00989291_m1) genes were normalized to β-2 macroglobulin 

(Hs99999907_m1) expression levels, previously tested as a valid house-keeping gene in this 

population 
28

. 

The PCR reaction for miRNAs and mRNA targets were carried out in volumes of 20 μl, with 

application of 1.33 μl and 2 μl cDNA, respectively.  Individual amplification curves for all 

assays were carefully validated. Samples with Ct values >35 were not included in the data 

analysis, and template-negative controls were included in each run.  

 

Statistics 

As the measured variables were unequally distributed, non-parametric tests were applied. 

For group comparisons, Kruskal-Wallis and Mann-Whitney tests, when appropriate, were used 

for continuous data and the χ
2
 test for categorical data. The associations between the markers and 

cigarette smoking were analyzed by linear regression using log transformed data. The models 

were adjusted for age, gender and C-reactive protein (CRP) in miR-21 association (cf. Table 1), 

further total cholesterol and the presence of hypertension in gene-expression associations (cf. 

Online Supplementary Table 1), and additionally triglycerides and high-density lipoprotein 

cholesterol in the genotype associations with circulating IL-12 levels. As the use of angiotensin 

II receptor blocker and insulin were differently distributed between non-smokers and smokers in 

the total cohort (cf. Online Supplementary Table 2), the use of these medications was further 

adjusted for in all regression models. Spearman’s Rho was used for correlation analysis. The 

Hardy-Weinberg equilibrium (HWE) was tested for the IL-12p40 polymorphism using the χ
2 

test. 

All statistical analyses were performed by SPSS 21.0 (SPSS Inc., Chicago, Illinois, USA). A 

two-tailed probability test of 0.05 or less was considered statistically significant. 
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RESULTS 

 

Demographic data in the miR-21 cohort (n = 200) according to cigarette smoking are 

presented in Table 1, showing similar distribution of the variables between current smokers and 

non-smokers, except of higher CRP values in the smoking group. We have previously reported 

on the lowering effect of smoking on circulating IL-12 in the total ASCET population (n = 1001) 

5
. In the present miR-21 cohort, circulating IL-12 was similarly and significantly lower (43%) in 

current smokers vs. non-smokers (51 pg/mL vs.89 pg/mL, adjusted p-value < 0.001).  

 

MiR-21 expression 

The isolation and analysis of miR-21 was successfully performed in plasma samples from 

196 patients (99 current smokers). Four samples were excluded due to miR-21 Ct values >35. 

Based on the initial experiments, miR-425 and the spike-in ath-miR-159a control were used as 

reference genes for normalization.  MiR-425 was analyzed in 196 subjects and was not 

differently expressed in smokers vs. non-smokers (p = 0.9). The spike ath-miR159a was 

successfully recovered in 199 samples (Ct mean = 17.2 with CV and SD of 2.15 % and 0.37, 

respectively).  

Cigarette smoking associated with 16% lower expression of miR-21 (p = 0.011, adjusted) 

(Figure1A). However, at particular low circulating IL-12 levels (< 37 pg/mL; 25 percentile in 

current smokers), miR-21 was significantly upregulated in current smokers (p = 0.046, adjusted) 

(Figure 1B), with highest RQ levels in the group of heavy smokers (>10 cigarettes pr. day, data 

not shown). 

 

Gene-expression of IL-12p35, IL-12p40 and INFƴ                                       

Expression of the genes in circulating leukocytes was analyzed in 330 patients (96 

current smokers). Demographic data in this cohort are shown in Online Supplement Table 1. IL-

12p35 was significantly downregulated in current smokers (p = 0.014, adjusted) (Figure 2A), 

whereas expression of IL-12p40 mRNA was not detectable. In patients with the particularly low 

circulating IL-12 levels, IL-12p35 mRNA levels were observed additionally reduced in current 

smokers and especially in heavy smokers (p = 0.045, adjusted) (Figure 2B). 
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Expression of INFƴ was not differently expressed between smokers and non-smokers and also 

not between the 4 smoking groups (p >2.0, both), however, a borderline reduction in INFƴ 

mRNA levels was observed in heavy smokers (category 3) vs. smokers in category 2 (p = 0.057) 

(Figure 2C).  

 

Genotyping of the IL-12p40 polymorphism 

The IL-12 p40 1188A/C polymorphism was successfully analyzed in 992 subjects and the 

AA (n = 651), AC (n = 309) and CC (n = 32) genotype distribution was in HWE. Demographic 

data in the total ASCET cohort are shown in Online Supplementary Table 2. The observed minor 

allele frequency of 0.19 is in line with previous reports performed in Caucasians 
29

. The achieved 

allelic discrimination data were investigated according to circulating IL-12 levels and cigarette 

smoking in the total ASCET cohort. The CC genotype associated with significantly higher IL-12 

levels as compared to A-allele carriers (p = 0.006, adjusted) (Figure 3A). When stratified 

according to smoking or not, this association was only present in the non-smoking group (p = 

0.012, adjusted) (Figure 3B). 

 

Association analyses 

We observed a weak but significant correlation between miR-21 and circulating IL-12 (r 

= 0.22, p = 0.002, n = 196), whereas miR-21 was not significantly correlated to expression of the 

IL-12 p35 and INFƴ genes. Circulating IL-12 levels correlated weakly to RQ values of the IL-12 

p35 gene (r = 0.13, p = 0.016, n = 331), however, stronger correlated in current smokers (r = 0.32, 

p = 0.001, n = 96), in which expression of the IL-12p35 and INFƴ genes inter-correlated (r = 

0.27, p = 0.007, n = 96).  No significant correlations between these variables were observed in 

non-smokers. Moreover, miR-21 and CRP were significantly correlated (r = 0.195, p = 0.006) 

and strengthened in the non-smoking group (r = 0.36, p<0.001, n = 97). 

We also observed that angiotensin II receptor blocker and insulin significantly induced 

elevated levels of circulating IL-12 and mir-21 (only insulin) (p<0.05, both, data not shown). 

 

Summary of results 

A schematic illustration of the overall achieved results is presented in Figure 4. 
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Table 1  Demographic data present in the cohort analyzed for miR-21 as related to 

 

cigarette smoking  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Values are mean (SD) or number (proportions) if not otherwise stated. SD: standard deviation,  

BMI: body mass index, CRP: C-reactive protein, Tot-C: total cholesterol, HDL-C: high-density 

lipoprotein cholesterol. 

p-values refer to differences in variables between non-smokers and current smokers 

*  
Median levels (25, 75 percentiles) 

 

 

 

 Non-smokers 

(n = 100) 

Current smokers 

(n = 100)  

p-value 

Age (years, mean (range))  59 (37-75) 58 (39-75) ns 

Men/Women n (%) 77/20 (79/21) 76/23 (77/23) ns 

Type 2 Diabetes n (%) 24 (25) 19 (19) ns 

Hypertension n (%) 54 (56) 43 (43) ns 

BMI (kg/m
2)*

 27.0 (25.2, 30.0) 27.0 (24.4, 30.4) ns 

CRP (mg/L)
*
 1.80 (0.90, 3.00) 2.5 (1.50, 4.30) 0.003 

Triglycerides (mmol/L)
*
 1.60 (0.96, 2.05) 1.49 (1.07, 1.96) ns 

Tot-C (mmol/L) 4,7 (1.0) 4.9 (1.1) ns 

HDL-C (mmol/L) 1.3 (0.5) 1.3 (0.4) ns 

Fasting  glucose (mmol/L) 6.6 (2.5) 6.2 (2.1) ns 
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Figure 1 
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Legend to Figure1: Expression of miR-21 

 

Expression of miR-21 as related to cigarette smoking in the total miR-21 cohort (A), and in the subgroup of subjects presenting with 

low IL-12 levels (< 37 pg/mL; 25 percentile in current smokers) (B). 

White bars; non-smokers, grey bars; current smokers 

RQ: relative quantification 

p-values refer to differences in relative expression of miR-21 between non-smokers and current smokers (*adjusted for age, sex, C-

reactive protein, use of angiotensin II receptor blocker and insulin).  

Error bars represent the 25- and 75 percentiles. 
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Figure 2 
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Legend to Figure 2: Gene-expression of IL-12p35 and INFƴ 

 

Expression of the IL-12p35 gene as related to cigarette smoking in the total gene-expression cohort (A).  White bars; non-smokers, 

grey bars; current smokers. 

Expression of the IL-12p35 gene in the subgroup of subjects presenting with low IL-12 levels (<37.4 pg/mL; 25 percentile in current 

smokers), as related to degree of smoking (B). White, and grey bars refer to degree of smoking divided in 4 groups: white; non-

smokers, light grey; quitted smoking > 3 months ago, grey; current smokers ≤ 10 cigarettes per day, dark grey; current smokers > 10 

cigarettes per day. 

Expression of INFƴ, as related to degree of smoking in the total gene-expression cohort (C). White, and grey bars refer to degree of 

smoking divided in 4 groups: white; non-smokers, light grey; quitted smoking > 3 months ago, grey; current smokers ≤ 10 cigarettes 

per day, dark grey; current smokers > 10 cigarettes per day. 

RQ: relative quantification 

p-values refer to differences in relative expression of the IL-12p35 and INFƴ genes, as related to smoking groups (*adjusted for age, 

sex, the presence of hypertension, C-reactive protein, total cholesterol, use of angiotensin II receptor blocker and insulin). 

Error bars represent the 25- and 75 percentiles. 
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Figure 3 
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Legend to figure 3: Influence of the IL-12p40 1188 A/C polymorphism on circulating IL-12 

 

Influence of the IL-12p40 1188 A/C polymorphism on circulating IL-12 levels in the total cohort (A) and stratified according to 

smoking/non-smoking (B). White, light grey and dark grey bars refer to AA, AC and CC genotypes.  

p-values refer to differences in IL-12 levels between CC and AA/AC genotypes (adjusted for age, sex, the presence of hypertension, 

C-reactive protein, triglycerides, total cholesterol, high-density lipoprotein cholesterol, use of angiotensin II receptor blocker and 

insulin). 

Error bars represent the 25- and 75 percentiles. 
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Figure 4 
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Legend to Figure 4: Effects of cigarette smoking on immune regulation 

 

Schematic illustration on the effects of smoking on miR-21expression and the IL-12/INFƴ pro-inflammatory axis and further influence 

of the IL-12p40 1188A/C polymorphism on levels of the IL-12 heterodimer. 

Full-line arrows indicate the observed significant associations between cigarette smoking and 1) Reduced expression of the IL-12 p35 

gene, 2) Reduced expression of miR-21, 3) Reduced circulating levels of the heterodimer IL-12. 

Full-lines indicate further the observed significant association between the IL-12p40 +1188 A/C polymorphism and elevated 

circulating levels of the heterodimer IL-12. 

The broken-line arrows indicate  that 1) It is not clear wether cigarette smoking affects the influence of the IL-12p40 +1188 A/C 

polymorphism on circulating IL-12 levels and 2) Our results on the influence of cigarette smoking on miR-21 cannot explain the lower 

circulating levels of the heterodimer IL-12. 

In total, cigarette smoking seems to attenuate the pro-inflammatory axis, including INFƴ and the TH1-cell response, which partly may 

explain why smokers have impaired immunity. The observed effects may be modulated by the IL-12p40+1188A/C polymorphism. 

 SNP; single nucleotide polymorphism 
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DISCUSSION 

 

Our hypothesis of increased miR-21 expression in current smokers could have explained 

the previously reported lower circulating IL-12 levels in these subjects. However, cigarette 

smoking was significantly associated with lower expression of miR-21 (Figure 1A) and its target 

IL-12p35 mRNA (Figure 2 A) in the present study. Hence, our miR-21 results cannot clarify the 

pronounced reduction in circulating IL-12 in current smokers, although in a small group of 

patients with particular low IL-12 levels, miR-21 was significantly upregulated in smokers 

(Figure 1B), with corresponding additionally lower IL-12p35mRNA levels (Figure 2B). Other 

unknown/unmeasured miR-21 co-stimulating factors/regulators in these subjects might thus be 

suggested. INFƴ was not significantly affected by smoking in general, however, a tendency of 

repressed INFƴ gene-expression related to degree of smoking was observed (Figure 2C).  

Modified expression of miR-21 has been described as related to CSE exposure and 

tobacco use in experimental and human studies, however contradictory reported 
30

. The 

discrepancy may be due to type and duration of exposure. Differences in analytical models, i.e. 

choice of normalization gene (s) and/or cellular contamination and hemolysis of plasma (and 

serum) may additionally have contributed to lack of consistency between results, including the 

present investigation. However, in the initial experiments for this study, expression of miR-21 

was observed numerically lower expressed in current smokers independently of normalization 

against miR-425, mir-16, the spike ath-159a or combinations of multiple endogenous controls. 

Moreover, hemolytic plasma samples were not utilized for miRNA isolation, and in an attempt of 

diminishing cellular debris, an additional centrifugation step was performed prior to isolation. 

The spike-in ath-mir-159a added to all 200 samples before the isolation procedure, controls 

additionally for the isolation procedure, and further processing with the conversion of miRNAs 

to cDNA, and PCR efficiency. The applied spike control in the present investigation was 

successfully recovered in 99.5% of the samples. 

Influence of the studied IL-12p40 polymorphism on circulating IL-12 levels was 

especially present in non-smokers (Figure 3B). Lack of similar significant increase in IL-12 with 

increasing number of C-alleles in smokers, may probably be due to the low number with 

respective genotypes.  Interestingly, IL-12 levels associating with the CC genotype in smokers 

were similar to IL-12 levels in non-smoking A-allele carriers (Figure 3B). In atherosclerosis, it 
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might thus be suggested a beneficial AA/AC genotype in non-smokers, and further a superior CC 

genotype in smokers as related to IL-12’ role in immunity and anti-tumor activity. The latter has, 

however, been contradictory reported in a smaller study on the risk of bladder cancer 
19

.  

A positive correlation was observed between circulating IL-12 and expression of miR-21. 

MiR-21 was not correlated to IL-12p35-mRNA, however, parallelly altered in current smokers. 

Thus, our results may indicate miR-21 to be a modest repressor of IL-12p35mRNA, as IL-12 and 

miR-21 expression seem to mirror each other rather than being inversely correlated. The IL-

12/INFƴ pro-inflammatory axis, in which smoking seems to potentiate the interplay between the 

investigated markers, may involve regulatory mechanisms additional to miR-21. 

MiR-21 was, in addition to smoking habit, observed correlated to CRP,  supporting the 

previously described association between miR-21 and inflammation 
31

.   

The low IL-12 levels observed in smokers may have clinical implications concerning 

both inflammation and malignancies. The impaired immunity described in airways of current 

smokers may partly be addressed by the observed attenuated IL-12 gene- and protein expression 

in the circulation, and further the reported IL-12 modifications in experimental studies 
6;7

. IL-12 

has emerged as one of the most potent cytokines in mediating antitumor activity  
32

. Bio-

informatically predicted targets for miR-21 are mainly tumor suppressor genes, including IL-

12p35 and further also the protein entitled Programmed Cell Death 4 (PDCD4). Loss of PDCD4 

has been associated with increased tumor aggressiveness 
33

, and PDCD4 was similarly reported 

to be lower expressed in current smokers 
34

. As all these variables may be dysregulated in current 

smokers, the observations may partly explain why current smokers are reported to have an 

increased risk of many types of cancers.  

Whether nicotine contributes or causes our observed associations is uncertain, as cigarette 

smoke contains numerous established carcinogens, and further tobacco-specific nitrosamines that 

produce reactive oxygen species 
35

 mediating multiple harmful effects including atherosclerosis. 

Thus, detailed effects of the cigarette smoke need to be focused to identify which are addressing 

the different components.  

As shown from the Online Supplementary Table 2, angiotensin II receptor blocker and 

insulin were more frequently used in the non-smoking group as compared to current smokers, 

and we also observed that these drugs induced elevated levels of circulating IL-12 and mir-21. 

As patients with CAD commonly are treated with these drugs, this is worth to be noticed. Aspirin 
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and angiotensin converting enzyme (ACE) -inhibitors have previously been reported to suppress 

IL-12 production in leukocytes 
36;37

. In the present investigation, all patients were on aspirin 

treatment at time of inclusion and ACE-inhibitors were not differently distributed according to 

smoking groups and not associated with modified IL-12-levels, thus not corrected for.  

 

Limitations 

 Mir-21 regulates multiple genes and IL-12 may as well be regulated by other miRNAs. 

Additionally, miR-21 is most likely under strict regulation by other regulatory mechanisms i.e. 

long non-coding RNA molecules, which are capable of binding up excessive amounts of 

miRNAs preventing them from inhibiting their mRNA targets. One such example is growth 

arrest-specific 5 (GAS5) 
38

. In light of miRNAs’ promiscuity and complexity concerning their 

function, along with small numbers in the sub-group analysis, the present study should be 

regarded as experimental.  

 

Conclusion  

In conclusion, circulating mir-21 and expression of the IL-12p35 gene were observed 

significantly downregulated in current smokers with CAD. The results may indicate miR-21 as a 

modest regulator of IL-12p35mRNA, as the variables seem to mirror each other rather than being 

inversely correlated, hence the nexus of cause and consequence needs to be explored. The IL-

12/INFƴ pro-inflammatory axis seemed further to be potentiated, although dampened, by 

cigarette smoking, suggesting an altered regulation of this pathway in current smokers. Finally, 

influence of the IL-12p40 3’UTR 1188 A/C polymorphism on circulating IL-12 levels may have 

distinct clinical impacts in smokers as compared to non-smokers. In light of IL-12’s role in 

immunity and anti-tumor activity, the influence of smoking on the markers needs to be further 

investigated. 

 

Acknowledgments 

Vibeke Bratseth and Sissel Åkra are acknowledged for blood sampling handling in the ASCET 

trial. 

 

 



23 
 

Source of Funding 

The work was funded by the Norwegian Council for Cardiovascular Diseases and Stein Erik 

Hagen Foundation for Clinical Heart Research, Oslo Norway. Theses funding sources were not 

involved in the research and preparation of the article. 

 

Conflicts of Interest: None 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

Reference List 

 

 (1)  Trinchieri G, Scott P. Interleukin-12: a proinflammatory cytokine with immunoregulatory 
functions. Res Immunol 1995;146:423-431. 

 (2)  Tahara H, Lotze MT. Antitumor effects of interleukin-12 (IL-12): applications for the 
immunotherapy and gene therapy of cancer. Gene Ther 1995;2:96-106. 

 (3)  Sieburth D, Jabs EW, Warrington JA et al. Assignment of genes encoding a unique cytokine (IL12) 
composed of two unrelated subunits to chromosomes 3 and 5. Genomics 1992;14:59-62. 

 (4)  Trinchieri G. Interleukin-12 and the regulation of innate resistance and adaptive immunity. Nat 
Rev Immunol 2003;3:133-146. 

 (5)  Opstad TB, Arnesen H, Pettersen AA, Seljeflot I. Combined elevated levels of the pro-
inflammatory cytokines IL-18 and IL-12 are associated with clinical events in patients with 
coronary artery disease - An observational study. Metabolic Syndrome and Related Disorders 
2016. 

 (6)  Burnham EL, Kovacs EJ, Davis CS. Pulmonary cytokine composition differs in the setting of 
alcohol use disorders and cigarette smoking. Am J Physiol Lung Cell Mol Physiol 2013;304:L873-
L882. 

 (7)  Tymkiw KD, Thunell DH, Johnson GK et al. Influence of smoking on gingival crevicular fluid 
cytokines in severe chronic periodontitis. J Clin Periodontol 2011;38:219-228. 

 (8)  Kroening PR, Barnes TW, Pease L, Limper A, Kita H, Vassallo R. Cigarette smoke-induced 
oxidative stress suppresses generation of dendritic cell IL-12 and IL-23 through ERK-dependent 
pathways. J Immunol 2008;181:1536-1547. 

 (9)  Modestou MA, Manzel LJ, El-Mahdy S, Look DC. Inhibition of IFN-gamma-dependent antiviral 
airway epithelial defense by cigarette smoke. Respir Res 2010;11:64. doi: 10.1186/1465-9921-
11-64.:64-11. 

 (10)  Lee KI, Kim DW, Kim EH et al. Cigarette smoke promotes eosinophilic inflammation, airway 
remodeling, and nasal polyps in a murine polyp model. Am J Rhinol Allergy 2014;28:208-214. 

 (11)  Lugade AA, Bogner PN, Thatcher TH, Sime PJ, Phipps RP, Thanavala Y. Cigarette smoke exposure 
exacerbates lung inflammation and compromises immunity to bacterial infection. J Immunol 
2014;192:5226-5235. 

 (12)  Dhillon NK, Murphy WJ, Filla MB, Crespo AJ, Latham HA, O'Brien-Ladner A. Down modulation of 
IFN-gamma signaling in alveolar macrophages isolated from smokers. Toxicol Appl Pharmacol 
2009;237:22-28. 

 (13)  Sheedy FJ. Turning 21: Induction of miR-21 as a Key Switch in the Inflammatory Response. Front 
Immunol 2015;6:19. doi: 10.3389/fimmu.2015.00019. eCollection@2015.:19. 



25 
 

 (14)  Lu TX, Munitz A, Rothenberg ME. MicroRNA-21 is up-regulated in allergic airway inflammation 
and regulates IL-12p35 expression. J Immunol 2009;182:4994-5002. 

 (15)  Lu TX, Hartner J, Lim EJ et al. MicroRNA-21 limits in vivo immune response-mediated activation 
of the IL-12/IFN-gamma pathway, Th1 polarization, and the severity of delayed-type 
hypersensitivity. J Immunol 2011;187:3362-3373. 

 (16)  Seegers D, Zwiers A, Strober W, Pena AS, Bouma G. A TaqI polymorphism in the 3'UTR of the IL-
12 p40 gene correlates with increased IL-12 secretion. Genes Immun 2002;3:419-423. 

 (17)  Wang J, Nong L, Wei Y, Qin S, Zhou Y, Tang Y. Association of interleukin-12 polymorphisms and 
serum IL-12p40 levels with osteosarcoma risk. DNA Cell Biol 2013;32:605-610. 

 (18)  Zhou L, Yao F, Luan H et al. Functional polymorphisms in the interleukin-12 gene contribute to 
cancer risk: evidence from a meta-analysis of 18 case-control studies. Gene 2012;510:71-77. 

 (19)  Ebadi N, Jahed M, Mivehchi M, Majidizadeh T, Asgary M, Hosseini SA. Interleukin-12 and 
interleukin-6 gene polymorphisms and risk of bladder cancer in the Iranian population. Asian 
Pac J Cancer Prev 2014;15:7869-7873. 

 (20)  Pettersen AA, Seljeflot I, Abdelnoor M, Arnesen H. Unstable angina, stroke, myocardial 
infarction and death in aspirin non-responders. A prospective, randomized trial. The ASCET 
(ASpirin non-responsiveness and Clopidogrel Endpoint Trial) design. Scand Cardiovasc J 
2004;38:353-356. 

 (21)  Pettersen AA, Seljeflot I, Abdelnoor M, Arnesen H. High On-Aspirin Platelet Reactivity and 
Clinical Outcome in Patients With Stable Coronary Artery Disease: Results From ASCET (Aspirin 
Nonresponsiveness and Clopidogrel Endpoint Trial). J Am Heart Assoc 2012;1:e000703. 

 (22)  Bye A, Rosjo H, Aspenes ST, Condorelli G, Omland T, Wisloff U. Circulating microRNAs and 
aerobic fitness--the HUNT-Study. PLoS One 2013;8:e57496. 

 (23)  Chang KH, Mestdagh P, Vandesompele J, Kerin MJ, Miller N. MicroRNA expression profiling to 
identify and validate reference genes for relative quantification in colorectal cancer. BMC Cancer 
2010;10:173. doi: 10.1186/1471-2407-10-173.:173-10. 

 (24)  Chen X, Liang H, Guan D et al. A combination of Let-7d, Let-7g and Let-7i serves as a stable 
reference for normalization of serum microRNAs. PLoS One 2013;8:e79652. 

 (25)  Shen J, Liu Z, Todd NW et al. Diagnosis of lung cancer in individuals with solitary pulmonary 
nodules by plasma microRNA biomarkers. BMC Cancer 2011;11:374. doi: 10.1186/1471-2407-
11-374.:374-11. 

 (26)  Sourvinou IS, Markou A, Lianidou ES. Quantification of circulating miRNAs in plasma: effect of 
preanalytical and analytical parameters on their isolation and stability. J Mol Diagn 2013;15:827-
834. 

 (27)  Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative 
PCR and the 2(-Delta Delta C(T)) Method. Methods 2001;25:402-408. 



26 
 

 (28)  Opstad TB, Pettersen AA, Weiss TW et al. Genetic variation, gene-expression and circulating 
levels of matrix metalloproteinase-9 in patients with stable coronary artery disease. Clin Chim 
Acta 2012;413:113-120. 

 (29)  Hall MA, McGlinn E, Coakley G et al. Genetic polymorphism of IL-12 p40 gene in immune-
mediated disease. Genes Immun 2000;1:219-224. 

 (30)  Vrijens K, Bollati V, Nawrot TS. MicroRNAs as potential signatures of environmental exposure or 
effect: a systematic review. Environ Health Perspect 2015;123:399-411. 

 (31)  Roy S, Sen CK. MiRNA in innate immune responses: novel players in wound inflammation. 
Physiol Genomics 2011;43:557-565. 

 (32)  Tugues S, Burkhard SH, Ohs I et al. New insights into IL-12-mediated tumor suppression. Cell 
Death Differ 2015;22:237-246. 

 (33)  Chang KH, Miller N, Kheirelseid EA et al. MicroRNA-21 and PDCD4 expression in colorectal 
cancer. Eur J Surg Oncol 2011;37:597-603. 

 (34)  Jiang Y, Zhang SH, Han GQ, Qin CH. Association of programmed cell death factor 4 (PDCD4) with 
hepatocellular carcinoma and smoking in a Chinese male population. J Int Med Res 
2009;37:1179-1183. 

 (35)  Schaal C, Chellappan SP. Nicotine-mediated cell proliferation and tumor progression in smoking-
related cancers. Mol Cancer Res 2014;12:14-23. 

 (36)  Mazzeo D, Panina-Bordignon P, Recalde H, Sinigaglia F, D'Ambrosio D. Decreased IL-12 
production and Th1 cell development by acetyl salicylic acid-mediated inhibition of NF-kappaB. 
Eur J Immunol 1998;28:3205-3213. 

 (37)  Constantinescu CS, Goodman DB, Ventura ES. Captopril and lisinopril suppress production of 
interleukin-12 by human peripheral blood mononuclear cells. Immunol Lett 1998;62:25-31. 

 (38)  Zhang Z, Zhu Z, Watabe K et al. Negative regulation of lncRNA GAS5 by miR-21. Cell Death Differ 
2013;20:1558-1568. 

 

 

  



27 
 

Supplementary Table 1: Demographic data present in the cohort analyzed for IL-12p35 and  

INFƴ  gene-expression, as related to smoking. 

 

 

 

 

 

 

 

 

 

 

 

 

Values are mean (SD) or number (proportions) if not otherwise stated. SD: standard deviation,  

BMI: body mass index, CRP: C-reactive protein, Tot-C; total cholesterol, HDL-C: high-density 

Lipoprotein cholesterol. 

p-values refer to differences in variables between non-smokers and current smokers 

*  
Median levels (25, 75 percentiles)  

  

 Non-smokers 

(n = 234) 

Current smokers 

(n = 96)  

p-value 

Age (years, mean (range)) 63 (37-81) 58 (39-75) >0.001 

Men/Women n (%) 187/46 (80/20) 73/23 (76/24) ns 

Type 2 Diabetes n (%) 56 (24) 16 (17) ns 

Hypertension n (%) 132 (56) 41 (43) 0.021 

Metabolic Syndrome 72 (31) 35 (34) ns 

BMI (kg/m
2)*

 27.4 (25.0, 30.0) 27.2 (24.3, 30.2) ns 

CRP (mg/L)
*
 1.80 (0.90, 3.00) 2.34 (1.43, 4.10) 0.002 

Triglycerides (mmol/L)
*
 1.37 (0.94, 1.94) 1.48 (1.03, 2.10) ns 

Tot-C (mmol/L) 4.6 (0.9) 4.9 (1.1) 0.012 

HDL-C (mmol/L) 1.3 (0.4) 1.3 (0.4) ns 

Fasting  glucose (mmol/L) 6.2 (2.2) 6.1 (2.2) ns 
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Supplementary Table 2: Demographic data present in the total ASCET cohort, as related to 

cigarette smoking  

 Non-smokers 

(n = 798) 

Current smokers 

(n = 203) 

p-value 

Age (years, mean (range) 63 (36-81) 58 (39-78) <0.001 

Men/Women n (%) 

 

635/162 (81/75) 148/55 (19/25) 0.037 

Type 2 Diabetes n (%) 165 (21) 35 (17) ns 

Hypertension n (%) 464 (58) 92 (45) <0.001 

BMI (kg/m
2
)* 27 (25, 29) 27 (25, 30) ns 

CRP (mg/L)* 1.7 (0.90, 3.00) 2.6 (1.40, 4.45) <0.001 

Triglycerides (mmol/L)* 1.27 (0.91, 1.82) 1.45 (1.03, 1.92) 0.002 

Tot-C (mmol/L) 4.5 (1.0) 4.8 (1.0) 0.001 

HDL-C (mmol/L) 1.4 (0.4) 1.2 (0.9) 0.001 

Fasting Glucose (mmol/L) 6.1 (1.9) 6.0 (1.9) ns 

Medication (%)    

Aspirin 

 

798 (100) 203(100) ns 

Statins 782 (98) 200 (99) ns 

β-blockers 

 

605 (76) 152 (75) ns 

CCB 209 (26) 46 (23) ns 

Nitrates 172 (22) 45 (22) ns 

ACE inhibitors 214 (27) 49 (24) ns 

ARB 204 (26) 35 (17) 0.012 

Diuretica 180 (23) 46 (23) ns 

Insulin 40 (5) 4 (2) 0.06 

Oral antidiabetics 97 (12) 21 (10) ns 

 

Values are mean (SD) or number (proportions) if not otherwise stated. SD: standard deviation,  

BMI: body mass index, CRP: C-reactive protein, Tot-C; total cholesterol, HDL-C: high-density 
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 lipoprotein cholesterol, ACE: angiotensin converting enzyme, ARB: angiotensin II receptor blocker,  

CCB: calcium channel blocker. 

p-values are chi-square test for categorical variables and t-test and Mann-Whitney test for  

continuous variables, referring to differences between non-smokers and current smokers. 

* Median levels (25, 75 percentiles). 

 

 


